Transitions in carbohydrate metabolism and translocation rate were studied for evidence of control of export by the sugar beet (Beta vudgars L. Klein E.) source leaf. Steady-state labeling was carried out for two consecutive 14-hour light periods and various quantities related to translocation were measured throughout two 24-hour periods. Starch accumulation following illumination was delayed. Near the end of the light period, starch stopped accumulating, whereas photosynthesis rate and sucrose level remained unchanged. At the eginn of the dark period there was a 75-minute delay before starch was mobilized. photons cm-2 s-' PAR) and 10 h dark to an age of 6 to 8 weeks in a mixture of equal parts sand and Jiffy-Mix. Pots were watered through a drip-irrigation system with a nutrient solution described by Snyder and Carlson (11). Source leaves studied had characteristics similar to those described previously (4) except for a lower starch content at the end of the light period, averaging 0.38 mg cm-2 leaf.
Allocation of materials for export from the source leaf is determined partly by carbohydrate metabolism in the source leaf, although sink metabolism also influences translocation (6) . Involvement of the source leaf is evident from changes in translocation which occur soon after experimental treatment ofthe source leaf. For example, when net photosynthesis is increased, export increases proportionately, even though the demand generated by the sink remains unchanged (8, 10) . When the supply of fixed carbon to a sink is lessened, there can be a change in partitioning among sinks rather than an increase in export from an untreated source leaf feeding the sink (4) . These examples illustrate the importance of the source leaf in determining carbon available for export. Mechanisms by which source leaves control allocation of carbon among export and leaf pools are unclear.
Times of transition in carbohydrate metabolism and translocation rate are of interest because it is then that control mechanisms are likely to be most in evidence. This study presents the details of carbohydrate metabolism and translocation throughout 24-h periods. The data show that starch accumulation is delayed following illumination. Near the end of the light period, starch stopped accumulating; net mobilization of starch did not occur immediately at the beginning of the dark period. Changes in sucrose content were associated with these events. in carbohydrate metabolism appear to be decisive factors in controlling translocation.
MATERIALS AND METHODS Plant Material. Beta vulgaris L., Klein E, a multigerm variety, was raised in 14 h light (35 nmol photons cm-2 s-' PAR) and 10 h dark to an age of 6 to 8 weeks in a mixture of equal parts sand and Jiffy-Mix. Pots were watered through a drip-irrigation system with a nutrient solution described by Snyder and Carlson (11) . Source leaves studied had characteristics similar to those described previously (4) except for a lower starch content at the end of the light period, averaging 0.38 mg cm-2 leaf.
Labeling and Rate Determinations. Details concerning the selection ofsource leaves for study and the preparation for treatment have been described previously (4) . Two source leaves on the same plant were enclosed in separate chambers connected in parallel in a closed system. Rates of net photosynthesis and of export were determined for one leaf during the light period. The carbohydrate content of the same leaf was determined during the dark period, whereas the rate of respiration was determined for the second leaf. For one set of experiments, the leaves photosynthesized for two 14-h light periods in 14C02 maintained at approximately 450 ,l L', with a specific radioactivity of 0.77 nCi ug-1 C. Rates of export from the source leaf and import into a sink leaf were measured. Rates during the day were determined by a previously described method (5) . Rate of export at night was determined from the rate of loss of 14C from the source leaf after taking loss by respiration into account. Import at night was measured from the rate of accumulation of 14C at a monitored sink leaf. In all cases it was assumed that after 2 d of steady-state labeling all pools contributing to transport, including starch, were at isotopic saturation.
For a second set of experiments the source leaves being studied photosynthesized in air for 3.5 h after lights were turned on, in 4CO2 for 8 h and then again in air for 2.5 h. The displacement of "C in starch and sucrose by "2C was followed in these plants. NCE and levels of starch and sucrose were examined during transitions in carbohydrate metabolism to identify potential sources of carbon for export (Fig. 3) . The following transition periods were examined: after the beginning of the light period, prior to the end of the light period and following the beginning of the dark period. When the light period began, the level of sucrose increased until starch accumulation began. Two hours before the light period ended, starch accumulation was no longer evident.
Although the data in Figure 3 suggest that the level of sucrose did not change before the light period ended, there were indications from subsequent studies that, on occasion, the sucrose level may rise somewhat during this time. As the dark period began, sucrose declined for about 75 min, until starch mobilization began.
DISCUSSION
Data from this and a previous study (4) were examined to relate phases of carbohydrate metabolism with translocation during a 24-h period. As an aid in making these correlations, NCE, rates of export, and import, as well ass amounts of starch, sugars and DW (Figs. 1 and 2 in reference 4-A'd Fig. 1 ) were assembled in Figure  4 . Data in Figure 5 show the amount of material in various pools and rates of transfer into and out of these pools during the initial and subsequent phases of the light and dark cycles. These balance sheets showing carbon transfers and changes in pool size provide evidence for shifts in the source of carbon for export.
Light Period. Initial Phase (0-90 Min). At the beginning of this 90-min period, NCE rose quickly to a steady rate of 0.85 ,tg C cm-2 min-', and mainly fed into sucrose, with lesser amounts entering the starch and hexose pools (Fig. 5) . Mobilization of starch continued up to the beginning of the light period; then sucrose synthesis from newly fixed carbon began. Values for NCE and for the rate of accumulation of "C by the source leaf revealed a temporary increase in export above the rate that was observed during the remainder of the light period (Fig.   4 ). Arrival of "4C in the monitored sink leaf revealed a similar temporary increase (Fig. 4) t,g C cm-2 leaf after 14 h (Fig. 5) . Under the growth conditions of this study, sugar beet leaves were found to increase in area and volume by 10 to 20%o per 14-h day. Assuming the maximum growth increment, 185 jig C cm 2 were deposited by the end of 14 h, at a rate of 0.22 ,ug C cm-2 min-'. This rate is comparable to that at which unaccounted for material was synthesized, 0.30 jig C cm-2 min-' (Fig. 5) , and is an estimate of the actual growth rate of the leaves studied.
During the last 60 min of the light period, the pattern of carbon allocation differed from that observed for the major part of the light period. Although NCE continued unchanged and DW continued to increase, net starch accumulation slowed down (Fig. 4) 
